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Characteristics of DC-DC Converter using High-Frequency Amorphous
Transformer with Interleaved-Winding for HVDC Transmission System
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In large-scale offshore wind-power generation, high voltage dc (HVDC) transmission system using dc-dc converters has
attracted the attention in order to reduce the size and weight and to improve the system efficiency. In a previous paper, it was
demonstrated that the copper loss of high-frequency transformer can be remarkably reduced by employing interleaved-winding
since proximity effect is suppressed. This paper described prototype tests of a small-scale dc-dc converter using the
high-frequency amorphous transformer with interleaved-winding. The efficiency of the dc-ac converter, transformer, diode

rectifier, and the whole system are measured and compared to prove the superiority of the interleaved-winding against a

>

conventional non-interleaved-winding.
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Fig. 1
system of offshore wind power generation.

Basic configuration of HVDC transmission
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Fig. 3 Winding arrangement of the amorphous

transformer.

Fig. 4 Appearance of the transformer with non-

interleaved winding.

Fig. 5 Appearance of the transformer with interleaved-

winding.
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Table 1 Equivalent circuit parameters of the

transformers.

Interleaved Non-interleaved
Primary winding resistance 73.5 mQ 218 mQ
Primary leakage inductance 2.0 uH 138 uH
Secondary winding resistance 73.5 mQ 286 mQ
Secondary leakage inductance 2.0 uH 138 uH
Excitation resistance 239 Q 170 Q
Excitation inductance 117 mH 104 mH
Capacitance between windings 65 nF 0.8 nF
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Fig. 6 Circuit configuration of dc-de converter for HVDC.

Table 2 Parameters of the circuit shown in Fig. 6 and the
experimental and simulation conditions.

Interleaved | Normal
Input current /, 10A 9.6A
Switching frequency 3000 Hz
Input side capacitance C,, 6800 uF
Output side resistance R; 1.177 Q
Output side inductance L, 16.9 mH
Grid side voltage V, 290 V
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Fig. 7 Comparison of observed (top) and calculated
(bottom) waveforms in the case of  the
non-interleaved-winding (duty = 0.6).

400 80

200

N
(=)

Voltage (V)
S
(e}
Current (A)

-200

A
S

-400 ‘ ‘ ‘ -80
0 0.0001 0.0002 0.0003
Time (s)

400 80
200 | 23 ta
E I 2 - I 3 $
9 0 0o &
g 2
G 5
~ 200 | L 40 ©

-400 ‘ ‘ ‘ -80

0 0.0001 0.0002 0.0003
Time (s)

Fig. 8 Comparison of observed (top) and calculated
(bottom) waveforms in the case of the interleaved-
winding (duty = 0.6).
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Fig. 9 Circuit configuration of efficiency measurement
for the dc-dc converter.
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Fig. 10 Comparison of the observed voltage and current
waveforms of the transformer with interleaved-winding
(top) and non-interleaved-winding (bottom) (duty = 0.6).
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Fig. 11 Efficiency comparison of the inverter.
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Fig. 12 Efficiency Comparison of the transformers.
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Fig. 13 Efficiency comparison of the diode rectifier.
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Fig. 14 Efficiency comparison of the dc-dc converter.
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